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Scanning probe microscopy is a fundamental technique for the analysis of surfaces. In the present
work, the interface statistics of surfaces scanned with a probe tip is analyzed for both in silico and
experimental systems that, in principle, do not belong to the prominent Kardar-Parisi-Zhang (KPZ)
universality class. We observe that some features such as height, local roughness and extremal height
distributions of scanned surfaces quantitatively agree with the KPZ class with good accuracy. The
underlying mechanism behind this artifactual KPZ class is the finite size of the probe tip, which does
not permit a full resolution of neither deep valleys nor sloping borders of plateaus. The net result
is a scanned profile laterally thicker and higher than the original one implying an excess growth, a
major characteristic of the KPZ universality class. Our results are of relevance whenever either the
normal or lateral characteristic lengths of the surface are comparable with those of the probe tip.
Thus our finds can be relevant, for example, in experiments where sufficiently long growth times
cannot be achieved or in mounded surfaces with high aspect ratio.
I. INTRODUCTION
Universality beyond scale invariance and critical expo-
nents is well established in both equilibrium [1, 2] and
nonequilibrium [3] critical systems. Universal fluctua-
tions underlying the interface growth were sown by Krug
et al. [4] in the framework of the Kardar-Parisi-Zhang
(KPZ) universality class [5], represented by the non-
linear stochastic equation governing the surface height
evolution h(x, t)
∂h
∂t
= ν∇2h+ λ
2
|∇h|2 + η. (1)
The first and third terms in the right-hand side of Eq. (1)
represent, respectively, the surface tension and a white
noise given by 〈η〉 = 0 and 〈η(x, t)η(x′, t′)〉 = 2Dδ(x −
x′)δ(t − t′). The second term represents a fundamental
benchmark of the KPZ class [5]: the surface grows lo-
cally faster (or slower if λ < 0) than the rate of particles
arriving at the surface, resulting in an excess velocity.
The KPZ equation is a fundamental example that fol-
lows the Family-Vicsek scaling [6], in which the variance
of the height profile (also called squared interface width
or roughness) obeys the ansatz w2(l, t) = t2βf(l/tβ/α) as
a function of time t and scale of measurement l. The
function f(x) scales as f(x) ∼ x2α for x  1 and
f(x) ∼ const if x  1. The growth (β) and roughness
(α) exponents yield the interface scaling in the transient
and stationary regimes as w ∼ tβ and w ∼ lα for t lα/β
and t lα/β , respectively [7].
Consider a ds+1-dimensional system where ds is the di-
mension of the growth substrate. Krug et al. [4] proposed
that a flat initial condition in 1+1-dimensional KPZ sur-
faces asymptotically leads to the ansatz
h = v∞t+ sgn(λ)(Γt)βχ, (2)
where v∞ is the asymptotic growth velocity, Γ is a param-
eter associated to the amplitude of the interface width,
β = 1/3 is the growth exponent in d = 1 + 1, and χ is a
universal stochastic quantity whose distribution does not
depend on the microscopic details of the model but does
on the boundary and initial conditions [8]. It is worth
to remark that analytical [9, 10] and experimental [11]
confirmations of the KPZ ansatz were obtained first in
curved geometry. Posteriorly, this conjecture was con-
firmed in several independent works [12–14]. The dis-
tribution of χ is known in d = 1 + 1 for a flat initial
condition [12] as the Tracy-Widom distribution of the
largest eigenvalue of the Gaussian orthogonal ensemble
(GOE) [15].
Despite of the lack of rigorous results in d = 2 + 1, a
meticulous analysis of several models [16–18], accepted
as belonging to the KPZ class, and the numerical inte-
gration of the KPZ equation itself [16] strongly indicate
that the ansatz given by Eq. (2) also holds for the three-
dimensional case with the corresponding growth expo-
nent β = 0.241 and a new universal stochastic quan-
tity χ with mean 〈χ〉 ' −0.83, variance 〈χ2〉c ' 0.237,
skewness S = 〈χ3〉c/〈χ2〉1.5c ' 0.43, and kurtosis K =
〈χ4〉c/〈χ2〉2c ' 0.35 [16, 17, 19]. Hereafter, 〈Xn〉c is the
nth cumulant of X. Very recently, an analogous of the
KPZ ansatz for a universality class different from KPZ
has been proposed [20].
Earlier attempts of experimental realizations of the
2+1-KPZ class through scaling exponents were not fully
conclusive due to experimental limitations as, for exam-
ple, short times and length scales as well as instabili-
ties caused by interlayer diffusion barriers [21] (See also
Refs. [22–24] for more examples and references) and only
a few experiments reporting scaling exponents consistent
with the 2+1-KPZ class are known [25, 26]. In particular,
the deposition of organic films on silicon substrates [25]
provided β = 0.28(4) and α = 0.45(5) (using approx-
imately 1 decade in power law regressions), which are
consistent, within uncertainties, with the accepted 2 + 1-
KPZ exponents β ≈ 0.24 and α ≈ 0.39 [27]. The results
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2of Ref. [25] were recently revisited [28] and height dis-
tributions shifted to null mean and unitary variance are
fitted by the distributions of the 2 + 1-KPZ class within
four orders of magnitude. Also, preceding the studies
of [28], rescaled KPZ height distributions were found in
the growth of CdTe semiconductor films [29, 30]. The
experimental realization of the 2 + 1-KPZ class was fur-
ther supported in [28–30] by the agreement between lo-
cal roughness [31] and extremal height [32, 33] distribu-
tions with the corresponding 2 + 1-KPZ curves. Further-
more, spatial correlators in good agreement with 2+1-
KPZ class were also presented [28]. Even in cases where
the scaling exponents deviate considerably from the KPZ
ones, rescaled distributions have been pointed as robust
and little sensitive to finite time and size effects [30].
A common feature in Refs. [25, 28–30] is that the
analyzed surfaces were acquired through atomic force
microscopic (AFM) technique. However, the nonlinear
smoothing effects caused by the finite size of the probe
tip can introduce subtle but relevant biases in the exper-
imental determination of scaling exponents of self-affine
surfaces [34, 35]. Motivated by the experimental observa-
tions of KPZ distributions and the well known smoothing
effect inherent to the scanning probe microscopy (SPM)
technique [34], we investigated the role played by a probe
tip in the statistics of surfaces. We analyzed computer
models and the electrodeposition of iron on silicon sub-
strates, systems that do not belong to the KPZ universal-
ity class. We observe that the scaled KPZ distributions
can be found in the scanned surfaces when the original
ones do not belong to the KPZ class. The growth expo-
nents become closer to the KPZ value for scanned than
for original interfaces. Also, the average growth veloc-
ity of the scanned surface is apparently consistent with
the KPZ ansatz. We observed the aforementioned accor-
dance when the scanning probing tip scales are compa-
rable with the characteristic lengths of the surface and
introduce a non-negligible excess of height in the profiles.
The paper layout is organized as follows. In section II,
we discuss the effects of a scanning probe tip on the statis-
tics of growing surfaces using models which are known as
not belonging to the KPZ class. In section III, we ana-
lyze the electrodeposition of iron on silicon substrates as
an experimental example of KPZ distributions produced
by tip effects. In section IV, some strategies to rule out
false positives for KPZ are discussed and in section V we
summarize our conclusions and draw some prospects.
II. SPM SURFACES AND THE KPZ CLASS
The rationale for a potential false positive of KPZ class
is pictorially shown in the upper insertion of Fig. 1(c)
where the scanning of an originally rough surface brings
forth a smoothed profile; See also Figs. 1 and 2 in
Ref. [34]. Here, more important than the short wave-
length smoothing, which affects the determination of the
roughness exponent [34], is that the profiles are later-
ally thicker having a local height higher than the original
one and it represents a central mechanisms behind the
KPZ equation: normal growth and excess velocity [5, 7].
Might this artifact introduce traits of the KPZ class?
To shed light in this issue we analyzed surfaces numeri-
cally obtained with a simple irreversible model for molec-
ular beam epitaxy (MBE), in which each deposited par-
ticle starts to diffuse randomly with probability pn+1,
where n is the number of bonds in the same deposition
layer, or gets irreversibly stuck with the complementary
probability. A step barrier [21] for diffusion is also in-
cluded as a probability PD to diffuse downwardly lead-
ing to mounded instead of self-affine surfaces, as shown
in Fig. 1(a). We present results for p = PD = 0.9.
We also analyzed the classic Wolf-Villain (WV) [36] and
Das Sarma-Tamborenea (DT) [37] models (see also [7]
for model definitions), which are known as not belong-
ing to the KPZ class. In d = 2 + 1 dimensions, these
models have upward currents induced by the configura-
tions of the neighborhood of particles deposited on steps
and asymptotically produce mounded surfaces [38]. All
simulations were done on square lattices with periodic
boundary conditions.
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FIG. 1. Original (a) and scanned (b) surfaces generated
with the 2 + 1-MBE model. (c) Height distributions rescaled
to mean zero and variance 1 for parabolic tips of different
sizes. The system size is 2048 × 2048 and the growth time
t = 250. A 2 + 1-KPZ (RSOS model) distribution is also
shown. Inset: the same distributions in linear scales. Upper
insertion illustrates the effect of the scanning probe tip.
We constructed the scanned surface h˜(x) following
Lechenault et al. [34]: h˜(x) = maxx′ [h(x
′)− gR(x− x′)],
where gR gives the shape of the tip and RT its radius
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FIG. 2. (Color online) (a) Height, (c) local roughness, and
(d) extremal height probability distributions scaled to mean
0 and variance 1 for scanned surfaces of distinct models. The
height distributions for original surfaces are shown in panel
(b). The solid curves correspond to the KPZ surface in all
panels. A parabolic tip of radius RT = 16 was used in DT
and WV and RT = 4 for MBE surfaces. Other tip sizes were
checked and the results did not change. For all models, 120
monolayers were deposited on 2048× 2048 square lattices.
.
of curvature. We present the results for a parabolic
shape gR = |x|γ/2Rγ−1T , with γ = 2 frequently found
in real tips [34]. We checked different tips (square that
corresponds to γ  1, semi-circle and other values of
γ > 2) and the central conclusions were independent of
the shape.
Experimental surfaces analyzed with SPM are two-
dimensional. So, we will present the results for d = 2 + 1
remarking that similar conclusions hold for d = 1 + 1.
The effect depicted in the top insertion of Fig. 1(c) is en-
hanced in d = 2+1 since both longitudinal and transver-
sal directions contribute to the growth excess. Original
and scanned surfaces for the MBE model are compared
in Figs. 1(a) and (b). Specification of high quality com-
mercial AFM tips provides RT . 10 nm. Assuming a
typical lattice constant of semiconductor materials as 0.5
nm, the tip sizes used in Fig. 1 are at least as sharp as
the best commercial tips. It is worth to note that a tip
radius specification refers only to the sharpest part of the
setup while its bulk, that can also interact with the sur-
face depending on the involved lengths, is much larger.
The height distributions shifted to mean zero and scaled
to variance 1, m = (h− 〈h〉)/σh where σh =
√〈h2〉c, are
shown in Fig. 1(c) for the MBE model. This approach
is widely used to evaluate the universality of distribu-
tions in numerics and experiments (e.g. [25, 28–31, 39]
and references therein). The height distributions for the
original surfaces deviate from the KPZ one, which is
here represented by the restricted solid-on-solid (RSOS)
model [40, 41], in both tails and peak. However, for tips
of sizes in the range RT = 2 to 8, the distributions of the
scanned surfaces are remarkably close to the KPZ one.
For RT & 10 the tip is larger than the typical mound
radius (ξ ≈ 5), the scanned surfaces become smoother
and the right tail starts to deviate from the KPZ curve,
but it is still consistent with KPZ at least up to 10−4.
Analogous results were obtained for WV and DT models,
as illustrated in Figs. 2(a) and (b), with a difference that
larger tips provide the better accordance with KPZ. In
case of WV and DT surfaces, we observed the agreement
with KPZ distributions in a narrower range of tip sizes
where RT is close to ξ. However, in a mounded struc-
ture with high aspect ratio (height/width), the bulk of
the tip can contribute to increase the lateral width of the
scanned profile. In MBE model, for example, the origi-
nal surfaces present mounds of high aspect ratio and the
KPZ distribution is still observed for a relatively tiny tip
of diameter RT = 2 which is considerably smaller than
the typical mound radius of about ξ ≈ 5.
Skewness and kurtosis are highly dependent on the
tails and, therefore, are key parameters to determine the
universality of the distributions. Experimentally, it is
very hard to obtain accurate estimates of them due to the
limited resolution in the tails of the height distributions.
To the best of our knowledge, experimental systems pro-
viding estimates of both skewness and kurtosis in clear
agreement with KPZ are restricted to d = 1+1 [11, 14, 42]
and used video microscopy to acquire the interfaces be-
ing, therefore, rid of the mechanism investigated in the
present work. For SPM analyses, positive skewness [28]
or estimates with large uncertainties [29, 30] were re-
ported. For a fixed growth time, we observed that both
skewness and kurtosis increase with the tip size, since
the lowest height contributions are being depleted, but
values consistent with KPZ (S = 0.4 to 0.5 against 0.43
and K = 0.3 to 0.5 against 0.35) are observed for RT
comparable to ξ; See also discussion on Fig. 3 for time
dependence. A related result was obtained in Ref. [43],
where the profile statistics of equipotentials, which are
akin to the output profile in SPM techniques, generated
by self-affine conducting surfaces yield a large skewness
for a growth model in the regime of the linear Edwards-
Wilkinson universality class [7], for which S = 0.
Recently, roughness [31, 44] and extremal height [32,
33, 44, 45] distributions inside boxes of size 1  `  L
with open boundary conditions have been used as sig-
natures of the KPZ class in experiments [28–30, 46]. In
Figs. 2(c) and (d), these (scaled) distributions are com-
pared with the KPZ ones, where boxes of size ` = 16
were used. No significant difference in the distributions
was observed in the range ` = 8, 16 and 32 where we mea-
sured 2.03, 1.97, and 2.08, respectively, for the skewness
of the local roughness distribution of the MBE model at
time t = 120. This values are in agreement with previ-
ous reports [28, 29]. The distributions for the original
surfaces are not very different from the KPZ one (data
4not shown) as pointed recently in simulations of models
in the Villain-Lai-Das Sarmas universality class [47], but
in our simulations the distributions for scanned surfaces
are indistinguishable from KPZ. It is worth noticing that
these distributions vary less with the tip size than the
height distribution.
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FIG. 3. (Color online) Scaled distributions at different times
for MBE (left) and WV (right) models in d = 2 + 1 dimen-
sions. The height distributions were rescaled to mean zero
and variance 1. Height (top), squared roughness (middle),
and extremal height (bottom) distributions are shown. The
system size is L = 2048 and the tip sizes are RT = 4 and
RT = 8 for MBE and WV models, respectively. The KPZ
distributions (RSOS) are also shown.
The comparison of the distributions of scanned sur-
faces at different times with KPZ can be seen in Fig. 3,
showing that the results are visually robust withing this
time window. One interesting feature observed for MBE
is that the skewness initially approaches the KPZ value
SKPZ = 0.43 as time increases in analogy with the finite-
time corrections observed in experiments [11, 14, 48] and
simulations [13, 17, 39, 49] of actual KPZ systems. For
example, the skewness of the height distributions in MBE
are S = 0.55, 0.49, 0.45, and 0.41 for t = 50, 100, 200
and 500 but, differently from actual KPZ systems, it
keeps decreasing and start to deviate considerably from
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FIG. 4. (Color online) (a) Squared interface width against
time for scanned and original surfaces of 2 + 1-MBE model.
(b) Interface velocity against t−1+βkpz for three models. The
solid lines are linear regressions.
KPZ for longer times. Actually, we expect that it must
converge to SMBE = 0 for very long times due to mounds
increasing approximately independently [50] are expected
to render a normal distribution. For WV and DT the val-
ues move away since shorter times and must converge to
lower values S ≈ 0 because WV and DT models asymp-
totically exhibit mounded morphology in d = 2 + 1 [38].
Thus, the KPZ trait produced by the finite-size tip is
a transient behavior which is relevant when the surface
characteristic lengths are comparable with the tip size.
However, for the MBE model, the aspect ratio of the
mounds initially increases with time, producing deeper
valleys and increasing the excess growth introduced by
the tip convolution and thus the KPZ hallmarks are
enhanced as time evolves. Note that the origin of the
mounded morphology is the step barrier to downhill dif-
fusion [21, 51] and its existence has been proposed in
many experiments involving thin film growth of metals,
semiconductors [21] and organic materials [52, 53].
We also analyzed the kinetic roughening during a short
time interval (≈ 2 decades), collecting data for 10 dif-
ferent times and 10 independent samples for each time,
mimicking conditions reproducible in experiments. In-
terface width for scanned surfaces has a quite satisfac-
tory scaling in time, Fig. 4(a), with growth exponents
β = 0.24 (0.30), 0.25 (0.23), and 0.25 (0.24) for MBE,
WV and DT models, respectively. The numbers in paren-
thesis are the exponents for the original surfaces. Notice
that in DT and WV models, the exponents for the orig-
inal surfaces at short times are expected to be given by
the linear Mullins-Herring equation [7] with β = 0.25 and
are, inside the numerical accuracy, indistinguishable from
the KPZ exponent β ≈ 0.24. However, for the original
surfaces of MBE model the growth exponent is different
from the KPZ one at short time while the scanned sur-
faces exhibit a growth exponent consistent with KPZ. A
growth exponent closer to KPZ in scanned than in the
original surfaces ar short times is a behavior observed in
other simulations we did. For example, for the Fam-
ily model [54] in d = 1 + 1, which has an exponent
β ≈ 0.25, we found β = 0.29 in the scanned surface
that approached to the one-dimensional KPZ exponent
5β = 1/3.
According to the KPZ ansatz, Eq. (2), the surface
growth velocity is given by
d〈h〉
dt
= v∞ + sgn(λ)βΓβ〈χ〉tβ−1, (3)
such that plotting the interface velocity against tβ−1
must provide a linear extrapolation to v∞ if the KPZ
growth exponent is used. Such behavior is confirmed
in Fig. 4(b) for all analyzed models, which extrapolate
to v∞ = 1. This result is not expected for conserva-
tive dynamics, as in the models investigated here, where
v ≡ const independently of time.
III. ELECTRODEPOSITION EXPERIMENTS
We also investigated an experimental counterpart of
this problem using electrodeposition of iron on silicon
substrates. Electrodeposition is a electro-convective, dif-
fusive and, therefore, nonlocal process [55] and is not
expected to belong to the KPZ class. Indeed, electrode-
position of cooper [56] and iron [57] thick films revealed
anomalous (non self-affine) scaling. Profiles were ac-
quired using AFM under both contact and tap modes
and using scanning electron microscopy (SEM), the last
one rendering surfaces rid of tip effects. We used PPP-
NCSTR NanosensorsTM tips with nominal radius of less
than 10 nm and height of 10-15 µm.
The iron films were grown on lightly-doped 1kΩ·cm, n-
type (100) silicon substrate in an area of about 0.5 cm2
after native oxide cleaning by Hidrofluoric acid. Prepara-
tion of the bath solution for the electrodeposition, (con-
taining 0.5 M Fe2SO4 and 0.5 M NaSO4), followed the
protocol described in the literature [58] with controlled
pH = 2.5 and using a potentiostatic mode under a poten-
tial of −1.8 V. AFM and SEM images of 4× 4 µm2 with
a resolution of 1024 × 1024 pixels were acquired. The
SEM images were processed with a standard blur (low-
pass) filter to erase the effects of electric accumulation
in the grain borders. The gray-scale of SEM images was
linearly converted to a height interval 0 ≤ h˜ ≤ 1 [59].
Even though the vertical resolution cannot be obtained
with SEM, the gray-scale method has been used to esti-
mate fractal dimensions in semiconductor surfaces [59].
For our purpose, the actual height scale does not matter
since distribution is shifted to zero mean and variance 1.
Possibly the linear assumption in gray-scale method is a
rough approximation but it is enough to show that the
surface distribution is inconsistent with KPZ.
Figures 5(a) and (b) show a film surface for t = 150s
generated by AFM (contact mode) and SEM, respec-
tively. Five samples were used for statistics. The SEM
image reveals a surface with large grains (∼300 nm)
where the substrate still can be resolved, in contrast with
smoothed surface produced by the AFM technique. The
film approximate thickness is ∼ 500 nm implying in a
high aspect ratio. The rescaled height distributions are
compared with the KPZ one in Fig. 5(c), in which one
can see that the SEM provides a bimodal distribution
whereas the smoothed AFM surfaces are very close to
the KPZ distribution. The bimodal distribution reflects
the co-existence of small and large grains, the former hav-
ing lower growth rates due to the screening effects caused
by the latter. Local roughness [Fig. 5(d)] and extremal
height (data not shown) distributions of the AFM im-
ages are not distinguishable from the KPZ curves whereas
those for SEM are. Here we have an example where the
tip effect is relevant even when the typical lateral length
is much larger than the tip specification. No significant
difference between contact and tap modes was observed.
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FIG. 5. (Color online) 4×4 µm2 images of iron films after
a growth time t = 150 s obtained with (a) AFM in contact
mode and (b) SEM imaging techniques. (c) Height and (d)
local roughness distributions scaled to mean zero and variance
1 obtained with AFM and SEM are compared with the KPZ
class.
IV. RULING OUT FALSE POSITIVES
Summed up the observations reported in the previ-
ous section, it is worth to point out strategies to rid the
analysis from this tip induced KPZ traits. There exist
other KPZ hallmarks that could be used to confirm the
universality as, for example, temporal and spatial corre-
lation functions (see, e.g., [28, 48, 60, 61] and references
therein). The former requires a huge amount of data for
a reliable analysis and therefore are not currently fea-
sible in experiments with SPM. For the latter, a good
agreement between experimental data for organic films
and 2 + 1-KPZ models was reported [28]. The spatial
covariance is given by
Cs(r) = 〈h(x + r)h(x)〉−〈h2〉 ' (Γt)2βG
[
Ahr
2α
2(Γt)2β
]
(4)
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FIG. 6. (Color online) Scaled spatial covariance for MBE and
WV surfaces scanned with probe tips of sizes RT = 4 and
RT = 16, respectively, are shown. Two values of α were used:
theoretically conjectured for KPZ and directly measured by
the best data collapse. The covariance for the KPZ class is
also shown. Inset shows the original and scanned surfaces for
MBE model without rescaling showing the mounded surface
signature (minimum in Cs) for the former but not for the
latter. The error bars are slightly larger (experiments) or
smaller (simulations) than symbols and were omitted for sake
of clearness.
where the brackets represent average over positions and
samples, G(x) is a scaling function and Ah a phenomeno-
logical parameter to be determined. The parameter Ah of
the spatial correlators could, in principle, be determined
using the Krug-Meakin method [62]. However, we follow
the recipe of Ref. [28], suited to experimental data: we
plot G(u) = Cs/(Γt)
2β against u = 12Ahr
2α/(Γt)2β and
fit Γ and Ah to provide G(0) = 〈χ2〉c = 0.237 with a
slope -1 for u ≈ 0. For r  RT the surface is essentially
smooth and, therefore, we excluded r < RT /2 from the
fit procedure. The parameters were therefore extracted
fitting the data in range RT /2 < r < RT to extrapolate
to 〈χ2〉c with a slope -1 at u = 0. If the rescaling is per-
formed with the accepted KPZ exponent α = 0.39 [27],
the estimates for scanned surfaces are Ah ≈ 0.94 and
(Γt)2β ≈ 11.9 for MBE and Ah ≈ 0.32 and (Γt)2β ≈ 5
for WV models. For the electrodeposition experiments,
the values are Ah ≈ 90 and (Γt)2β ≈ 1210.
Figure 6 compares the scaled spatial covariance of
MBE and WV models and electrodeposition films with
the 2 + 1-KPZ curve. The obtained correlation functions
clearly deviate from the curve expected for the KPZ class
if the accepted KPZ exponent [27] α = 0.39 is used, indi-
cating that this analysis succeeded the test and does not
provide a false positive. We could also simultaneously fit
α looking for the best collapse. In this case, exponents
larger than the KPZ one (α = 0.57, α = 0.59, 0.55 for
MBE, WV, and experiments respectively) are obtained
pointing out again that the system is not KPZ. Notice,
however, that a very nice collapse with the KPZ curve is
found when the non-KPZ α exponents are used, Fig. 6,
configuring a potential false positive.
Even though the growth exponent β approaches the
KPZ class after scanning and could potentially induce a
false positive, in many situations the value can still be
far from KPZ, as aforementioned for Family model [54]
in d = 1 + 1. So, the roughness and growth exponents,
in the canonical way [7], are the basic starting points for
the verification of the KPZ class. Other measurements
such as distributions and correlators are fundamental to
complement the analysis.
Other possible path is to analyze the actual distribu-
tion of χ without the scaling to mean 0 and variance
1, i e., as performed in the experimental realization of
1 + 1-KPZ class [11, 14]. For example, curved and flat
KPZ subclasses are, in practice, indistinguishable if this
null mean and unity variance strategy is used; See Fig.
6 of Ref. [63], for example. Alternatively, one could fix
either average or variance to unity (not to zero) extract-
ing all remaining KPZ properties [17, 49]. The slope
of plots d〈h〉/dt versus tβ−1 yields g1 = sgn(λ)βΓβ〈χ〉
whereas g2 = 〈h2〉c/t2β yields Γ2β〈χ2〉c such that the
ratio R = β2g2/g1 = 〈χ2〉c/〈χ〉2 ≈ 0.32 is a universal
KPZ value [17]. We obtained R ≈ 0.13, 0.09 and 0.15
for MBE, WV and DT models, which are not consistent
with the 2+1-KPZ class. Note that the scanned surfaces
have a positively skewed height distributions that implies
λ > 0. However, at the light of the KPZ ansatz, the posi-
tive slope Fig. 4(b) implies that 〈χ〉 > 0 contrasting with
negative 2 + 1-KPZ value of −0.83 [16, 41].
V. CONCLUSIONS
In summary, we provide evidences that SPM can artifi-
cially introduce traits of the KPZ class in systems where
they are not expected. The false KPZ hallmarks were ob-
served in models when the tip convolution introduces a
non-negligible excess growth in the original surface. This
situation was more clearly observed when the tip spec-
ification radius was comparable with the characteristic
correlation lengths of rough surfaces or when the surfaces
have mounds with a high aspect ratio (height/width) due
to the interaction with the tip bulk. Experimental re-
sults for electrodeposition of iron also support that KPZ
traits are enhance by high aspect ratios. The underlying
mechanism of the KPZ features is the excess velocity in-
troduced by the probe tip scanning. While, on the one
hand, it was recently shown that the surface smoothing
facilitate the unveiling of the universality in genuine KPZ
systems with strong correction to the scaling [64, 65], on
the other hand, it can introduce artificial traits in dynam-
ics different from KPZ. We also discussed ways to rule out
false positives for KPZ. It is important to remark that
we observed artificial KPZ traits only for relatively short
times and as t → ∞ the characteristic lengths become
much larger than the tip size and the excess growth intro-
duced by the scanning must become negligible. However,
7it is possible to figure out situations where the artificial
KPZ properties can last for long times.
A possible explanation for experimental observations
of the KPZ class using SPM was given. Experimental
realization of the KPZ class with SPM must assure that
the tip probe effects are negligible. Concerning some of
the experimental realizations of the KPZ class in 2+1
dimensions [18, 25, 29, 30], the AFM images shows that
typical characteristic lengths extracted from correlation
functions are considerably above a typical tip radius of
10-20 nm. However, a high aspect ratio cannot be dis-
carded using only AFM images since the deeply grooved
regions cannot be resolved with this technique. A sys-
tematic analysis of tip size or using non-contact scan-
ning methods such as SEM in these experimental systems
would be interesting future works.
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